Risk factors for death from respiratory failure in the general population are not established. The aim of this study was to determine the characteristics of individuals who die of respiratory failure in a Japanese general population. In total, 3253 adults aged 40 years or older participated in annual health check in Takahata, Yamagata, Japan from 2004 to 2006. Subject deaths through the end of 2010 were reviewed; 27 subjects died of respiratory failure (pneumonia, n = 22; COPD, n = 1; pulmonary fibrosis, n = 3; and bronchial asthma, n = 1). Cox proportional hazard analysis revealed that male sex; higher age, high levels of D-dimer and fibrinogen; lower body mass index (BMI) and total cholesterol; and history of stroke and gastric ulcer were independent risk factors for respiratory death. On analysis with C-statistics, net reclassification improvement, and integrated discrimination improvement, addition of the disease history and laboratory data significantly improved the model prediction for respiratory death using age and BMI. In conclusion, we identified risk factors for mortality from respiratory failure in a prospective cohort of a Japanese general population. Men who were older, underweight, hypocholesterolemic, hypercoagulo-fibrinolytic, and had a history of stroke or gastric ulcer had a higher risk of mortality due to respiratory failure.
subject characteristics in the three groups are summarized in Table 1 . The mean age, renin activity, and homocysteine (Hcy), D-dimer (D-D), and fibrinogen concentrations in groups DR and DoR were significantly higher than those in group A. The proportion of female subjects was significantly lower in groups DR and DoR than in group A. The Brinkman Index, serum creatinine (sCr), uric acid (UA) concentration, and adiponectin concentration in group DoR were significantly higher than those in group A, but they did not differ significantly between groups DR and A. The body mass index (BMI) and total cholesterol (TC) in group DR were significantly lower than those in groups A and DoR. The red blood cell count (RBC) and FVC % predicted in group DoR was significantly lower than those in group A, but the two variables did not differ significantly between groups DR and A. The FEV1 % predicted in groups DR and DoR was significantly lower than in group A. The percentage of individuals with a FEV1/FVC < 0.7 was significantly higher in groups DR and DoR than in group A. The aspartate aminotransferase (AST) in group DR was significantly higher than that in group A, but did not differ between groups DoR and A. Subjects with a history of stroke, gastric ulcer, and cancer were more frequent in group DR than in groups A and DoR. Subjects with a history of respiratory disease were less frequent in group A compared with groups DR and DoR, but the percentage did not differ between groups DR and DoR. Screening of independent risk factors for death by respiratory failure. The independent risk factors for death by respiratory failure were determined using multivariate Cox proportional hazard tests ( Table 2) . We selected the variables that differed significantly between groups A and DR (P < 0.001) based on the laboratory data and past disease history shown in Table 1 . Pulmonary function parameters were not included because they were not independent risk factors for respiratory death according to a previous study 2 . Male sex; higher age; high levels of D-D, and fibrinogen; lower BMI and TC; and a history of stroke and gastric ulcer were independent risk factors for respiratory death. However, level of Hcy and a history of cancer and respiratory disease were not independent risks for respiratory death in this study population. There was no multicollinearity among the covariates in this analysis (data not shown).
Cut-off values of risk factors and Kaplan-Meier analyses.
The cut-off values for TC, D-D, and fibrinogen for predicting death by respiratory failure was determined using ROC analysis (Fig. 1) . The cut-off values for TC, D-D, and fibrinogen were 187 mg/dL (AUC: 0.683), 1.00 μ g/mL (AUC: 0.631), and 432 mg/dL (AUC: 0.626), respectively.
The usefulness of the laboratory data, including TC, D-D, and fibrinogen and the history of diseases such as stroke and gastric ulcer, was determined using Kaplan-Meier analysis, because these were independent risk factors for predicting respiratory mortality. Subjects who had two or more abnormalities in the TC, D-D, and fibrinogen were placed in the high-risk group, and the remaining subjects were placed in the non-high-risk group (Fig. 2a) . Subjects who had a history of stroke and gastric ulcer were placed in the high-risk group, and remaining subjects were placed in the non-high risk group (Fig. 2b) . As shown in Fig. 2 , subjects in the high-risk groups had significantly lower survival rates than those in the non-high risk groups.
Addition of disease history and laboratory data to the basic parameters in predicting respiratory death. Because advanced age, male sex, and low BMI were strong risk factors for death by respiratory failure, we evaluated whether including the disease history (stroke and gastric ulcer) and laboratory data (TC, D-D, and fibrinogen) with the basic parameters (age, sex, and BMI) improved the prediction of respiratory death in the Cox proportional hazard analysis by using C-statistics. In overall subjects, area under curves (AUCs) of receiver operator characteristics (ROC) curves were not significantly different among model 1, model 2, and model 3 ( Fig. 3a and Table 3 ). However, since respiratory death occurred more frequently in men than women, the differences of AUCs were separately analyzed in men and women. The addition of laboratory data (TC, D-D, and fibrinogen) significantly improved the AUC in model 3 compared to that in models 1 and 2 in men ( Fig. 3b and Table 3 ), but not in women ( Fig. 3c and Table 3 ).
Although C statistics has been the common method for quantifying the improvement in prediction, some studies reported the limitations of this method including difficulty in interpretation of small magnitude changes and lack of clinical relevance 3, 4 . Therefore, we used integrated discrimination improvement (IDI) and net reclassification improvement (NRI) to assess if the addition of information about disease history and laboratory data improved the prediction of respiratory death 4 . The addition of the disease history significantly improved the IDI and NRI in model 2 compared to model 1 (Table 3) . Furthermore, the addition of laboratory data (TC, D-D, and fibrinogen) significantly improved the NRI, and IDI (Table 3) Association between serum pepsinogen concentration and death by respiratory failure. We also measured the Helicobacter pylori antibody, pepsinogen I (PEP1), and pepsinogen II (PEP2) concentrations in the study population. The PEP1, PEP2, and PEP1/PEP2 were not normally distributed; therefore, the data were log-transformed for analysis. Many subjects were positive for H. pylori antibody (Table 4A ). The log PEP1 and log PEP1/PEP2 in the group DR and group DoR were significantly lower than those in group A. The log PEP2 did not differ significantly between the groups (Table 4A ). The PEP1 and PEP1/PEP2 were inversely associated with age [PEP1 (ng/mL) = 72.33 − 0.36 × age, P < 0.0001; PEP1 (ng/mL)/PEP2 (ng/mL) = 5.95 − 0.045 × age, P < 0.0001], and subjects in groups DR and DoR were significantly older than subjects in group A ( Table 1) . The PEP1 and PEP1/PEP2 were log-transformed into the percent predicted values according to subject age, and the differences were reanalyzed between the groups (Table 4B ). The log PEP1 % predicted and log PEP1/PEP2 % predicted in group DR and DoR was significantly lower than that in group A (Table 4B ). 
Discussion
This study demonstrated that a history of stroke or gastric ulcer, lower BMI and TC concentration, and higher D-D and fibrinogen concentrations were associated with death by respiratory failure. Decreased BMI was previously reported to be a risk for respiratory mortality in a Japanese elderly population 5 . However, the present study is the first to demonstrate the usefulness of information concerning the nutritional condition, basal disease, and laboratory data for predicting mortality by respiratory death in a general population.
The BMI is a simple index representing the nutritional condition 6 . In patients with respiratory disease, a lower BMI is associated with a poorer prognosis [7] [8] [9] [10] . Reportedly, the relationship between mortality due to all causes and the BMI exhibits a U-shape in the general population 11 . This means that individuals with a very low or very high BMI have a poorer prognosis, and individuals with an optimal BMI tend to live longer. In Japanese elderly individuals, those with a low BMI had the highest rate of mortality due to respiratory disease 5 . However, another study in a Japanese general population demonstrated that the relationship between mortality due to pneumonia and BMI was U-shaped 12 . In the present study, 3253 subjects from a healthy general population were followed for approximately 7 years, and 27 subjects died due to respiratory disease. We suspect the subpopulation of respiratory deaths was too small to show the expected U-shaped relationship between respiratory mortality and BMI in this study population. However, low BMI, which represents poor nutritional condition, was associated with a poor outcome in the form of respiratory failure.
In the present study, we found that the presence of other diseases historically predicted mortality by respiratory failure. Stroke is a known risk for pneumonia because it impairs function in the central nerve system, leading to swallowing disturbances, and induces poor immune status in the elderly 13 . In a 5-year follow-up of stroke patients, the most common cause of hospital re-admission was respiratory disease, including pneumonia 14 . Table 4 . Incidence of Helicobacter pylori antibodies, log-transformed serum concentrations of pepsinogen I and II, and ratio of pepsinogen I/II in the all patients. Subjects were divided into three groups according to the outcome at the end of follow-up as follow: Group A included subjects who were alive at the end of the follow-up period; Group DR included subjects who died of respiratory failure; and Group DoR included subjects who died of diseases other than respiratory failure. Because PEP1, PEP2, and PEP1/PEP2 were not normally distributed, the data were log-transformed. (A). The log PEP1 and PEP1/PEP2 in groups DR and DoR were significantly lower than in group A. (B) PEP1 and PEP1/PEP2 were inversely associated with the age [PEP1 (ng/mL) = 72.33 − 0.36 × age, P < 0.0001; PEP1 (ng/mL)/PEP2 (ng/mL) = 5.95 − 0.045 × age, P < 0.0001], and subjects in groups DR and DoR were significantly older than those in group A. The PEP1 and PEP1/PEP2 were log-transformed into the percentage predicted value according to age. Values are presented as the number (%) or mean (standard deviation [SD] ). Differences were evaluated by analysis of variance, followed by the Tukey test. *P < 0.05 vs. group A in the Tukey test H., Helicobacter; PEP, pepsinogen.
However, in the cohort for the BODE study, having stroke as a comorbidity was not a significant risk for death in COPD patients 15 . To date, there are no reports showing a relationship between stroke and respiratory death in a general population. Thus, the significance of this study is that we successfully demonstrate this relationship in a Japanese general population.
It is unknown whether gastric ulceration itself induces respiratory diseases such as pneumonia. There are no known reports showing a relationship between gastric ulcers and respiratory disease in the general population. In the BODE study, having gastric ulcer as a comorbidity was demonstrated as a risk for death in COPD patients 15 . In patients with COPD comorbid with gastroesophageal reflux disease (GERD), a lower prescription rate of antacids was associated with a higher frequency of COPD exacerbation 16, 17 . Thus, excess gastric acid and reflux may exacerbate COPD. One possible explanation for the association between respiratory death and a history of gastric ulceration in this population is that excess secretion of gastric acid may cause reflux of gastric acid, which may cause chronic lower respiratory damage.
An alternative explanation is also plausible. Many patients with gastric ulceration are prescribed antacids such as proton pump inhibitors (PPIs). Elevation of the gastric pH by PPIs promotes bacterial growth in the stomach, and PPI use is thought to increase the risk of community-acquired and hospital-acquired pneumonia 18 . In the present study, it is unclear how many subjects were taking antacids including PPIs. As shown in Table 4 , the serum PEP1 and PEP1/PEP2 levels were significantly lower in subjects who died of respiratory failure than the levels in subjects who remained alive. Lower PEP1 and PEP1/PEP2 levels are markers of atrophic gastritis 19 . This suggests that the gastric mucosa in the subjects who died of respiratory failure tended to be more atrophied, in part because antacids were not prescribed sufficiently for the subjects. In contrast to COPD patients with GERD, lower serum PEP1 and PEP1/PEP2 levels suggest that gastric pH in the elderly who died of respiratory failure may be elevated owing to mucosal atrophy. This may result in abnormal bacterial growth in the stomach, and may further increase the incidence of respiratory failure caused by lower respiratory infection due to reflux of gastric contents. Regardless of the mechanism, subjects with a history of gastric ulcers should be carefully and continuously monitored in order to determine the cause of the relationship between respiratory death and gastric ulceration.
Circulating cholesterol accumulates into atherosclerotic lesions, and these cholesterol plaques subsequently cause cardiovascular disease 20 . Smith and colleagues reported that the association between the serum cholesterol concentration and all causes of mortality exhibited a U-shape in the general population 21 . In addition, they demonstrated that high and low cholesterol concentrations were associated with higher cardiovascular mortality and higher mortality caused by neoplastic and respiratory diseases, respectively 21 . By contrast, although Iribarren and colleagues reported that a low cholesterol level was associated with hospitalization for pneumonia, the only pulmonary disease that showed a significant association between low cholesterol and mortality was COPD 22 . In this study, low TC was associated with mortality caused by respiratory failure. Low TC concentration may indicate a poor nutritional condition or immune capacity in subjects from a general population.
Fibrinogen and D-D are markers for coagulation and fibrinolysis, respectively 23 . A poor survival rate has been reported in pneumonia patients and COPD patients with a high D-D concentration 24, 25 . In addition, the association between elevated D-D and the risk of all-cause mortality was demonstrated in a general population 26, 27 . Recently, fibrinogen has been described as an inflammatory biomarker 28 , and a higher fibrinogen concentration was associated with a higher all-cause mortality rate and higher mortality due to cardiovascular disease in a general population, but not due to respiratory disease 27 . However, we demonstrated a significant inverse relationship between the plasma fibrinogen concentration and the FEV1 in this population 29 . In the ECLIPSE Study, fibrinogen was demonstrated to be a biomarker for death and exacerbation in COPD patients 30 . Notably, the present study is the first known report showing a significant relationship between coagulo-fibrinolytic markers and the risk of mortality due to respiratory failure in a general population.
The present study has several other limitations. First, because the blood was sampled one time, we could not determine if the measured values represent the steady state condition. Second, it is unclear whether the subjects who died of respiratory failure had a similar socioeconomic background compared with the remaining subjects. Third, the number of subjects who died of respiratory failure by the end of the follow-up period was too few to allow analysis according to the specific respiratory disease.
In conclusion, we showed that subjects who were older, male, underweight, hypocholesterolemic, had a hypercoagulo-fibrinolytic status and a history of stroke or gastric ulcer had a higher risk of mortality due to respiratory failure in a prospective cohort of the Japanese general population. Future studies are needed to investigate whether interventions such as vaccination, prevention of aspiration such as oral care, and use of antacids or prokinetic agents can reduce the mortality due to respiratory failure in the high-risk population identified in the present study.
Methods
Study population. This study was part of the Molecular Epidemiological Study, which was supported by the Regional Characteristics of 21 st Century Centers of Excellence (COE) Program and the Global COE Program in Japan. All procedures were approved by the ethics committee of the Yamagata University School of Medicine, and was conducted according to the recommendations of the Declaration of Helsinki 2, 31 . Written informed consent was provided by all participants. Subject enrollment (1500 men; 1753 women) has been described previously 2, 31 . Subjects' deaths were confirmed by their doctors, and the death certificates written by the doctors were reported to the local government, Takahata town, by their families. The information about their primary cause of death was summarized according death certificates in the database. We obtained the database of death certificates from Takahata government, and subjects' deaths through the end of 2010 were reviewed by examining the database 2 . In the database, the information on comorbidities related to the primary cause of death was not available. Measurements. Blood pressure, spirometry, and blood sampling were performed as previously described in the Molecular Epidemiological Study 2, 31 . Serum levels of antibody against H. pylori, PEP1 and PEP2 were measured by another laboratory (BML, Inc., Tokyo, Japan). Since PEP1 and PEP1/PEP2 levels were inversely associated with age, we obtained the liner regression formula predicting the PEP1 and PEP1/PEP2 values according to age. Percent predicted of PEP1 and PEP1/PEP2 levels were obtained by dividing the actual values by predicted values, and these percent predicted (age-adjusted) values were used for the analyses in order to compare the levels of PEP1 and PEP1/PEP2 among the population whose mean ages were significantly different. In addition, because PEP1, PEP2, and PEP1/PEP2 were not normally distributed, these were log-transformed.
Statistical analysis. For continuous variables, data are presented as the mean (standard deviation [SD] ). The χ 2 test was performed to evaluate differences in proportion. One-way analysis of variance was used for multiple comparisons, followed by the Tukey test. Cox proportional hazard analyses were performed to assess potential independent associations between the variables and mortality caused by respiratory failure. The results of the Cox proportional hazard analyses are presented as hazard ratios (HR) with 95% confidence intervals (CI) according to a 1-SD increase of each variable or difference in positivity in the disease history.
ROC curve analysis was performed to determine the cut-offs for factors discriminating death by respiratory failure. The values that maximized the sum of sensitivity and specificity were determined as the cut-offs. The Kaplan-Meier method with log-rank test was used to examine differences in the rate of mortality due to respiratory failure according to the stratified risk. The AUC was used as a measure of the predictive accuracy of disease history and laboratory data for death by respiratory failure. The NRI and the IDI were calculated to measure the magnitude of improvement upon correct reclassification and the sensitivity after including information on disease history and laboratory data in the model 2 . Statistical analyses were performed using JMP version 11 software (SAS Institute Inc., Cary, NC, USA) or R 3.0.2 with additional packages (survC1, risksetROC and survIDINRI).
